The purpose of this study was to assess the effect of age on left ventricular performance during exercise in 79 patients with coronary artery disease (~50% narrowing of one or more major coronary arteries). Fifty patients under the age of 60 years (group I) and 29 patients 60 years or older (group II) were studied. Radionuclide angiograms were obtained at rest and during symptomlimited upright bicycle exercise. The history of hypertension, angina or Q wave myocardial infarction was similar in both groups. Multivessel coronary artery disease was present in 30 patients (60%) in group I and in 19 patients (66%) in group II (p = not significant).
There were no significant differences between the two groups in the hemodynamic variables (at rest or during exercise) of left ventricular ejection fraction, end-diastolic volume, end-systolic volume and cardiac index.
The cardiovascular system is one of many systems influenced by the aging process. Although a decrease in work performance with advancing age has been recognized for many years (I) . the effect of age on cardiovascular hemodynamics during exercise has only recently been addressed (2) (3) (4) (5) (6) (7) . Research on aging is plagued by the problem of sep arating disease-related changes from age-related change s in cardiac funcnon , particularly becau se there is a high incidence of ischemic heart disease in elderly people (8) (9) (10) . Recentl y, nonin vasive assessment of left ventricular performan ce at rest and durin g exercise by mean s of radionuclide angiography has been made possible without the need for cardiac catheterization (11-16 ) . Port et al. ( 17 ) demonstrated the effect of aging on left ventr icular performance durin g exercise in health y volun-II (7.8 ± 0.4 versus 5.7 ± 0.4 minutes, p = 0.009), although the exercise heart rate and rate-pressure product were not significantly different between the groups. There was poor correlation between age and ejection fraction , end-diastolic volume and end-systolic volume at rest and during exercise. Abnormal left ventricular function at rest or an abnormal response to exercise was noted in 42 patients (84%) in group I and in 25 patients (86%) in group II (p = not significant).
Thus, in patients with coronary artery disease, age does not influence left ventricular function at rest or response to exercise. Older patients with coronary artery disease show changes in left ventricular function similar to those in younger patients with corresponding severity of coronary artery disease. teers. They attributed the abnormal response in left ventricular ejection fraction to exercise in patients over the age of 60 to the normal aging proce ss. Because these data have an important effect on decision making in elderly patients with suspected coronary artery disease , we undertook this study to assess the effect of age on left ventricular function at rest and during exerci se in patient s with coronary artery disease documented by coronary arteriography .
Methods
Patients. We reviewed our record s and identified 79 consecutively studied patient s with coronary artery disea se documented by coronary arteriograph y. who had ' had rest and exe rcise radionuclide ventriculography within 8 week s before cardiac catheterization (80 % of the patients) or after catheterization (the remaining 20% of the patients). Each patient had at least 50% diameter narrowing of one or more major coronary arteries, None of the patients had had coronary artery bypass surgery, and none had concomitant valvular heart disease.
October 1983:645-51 Exercisetesting. A detailed history and complete physical examination were obtained for each patient before exercise testing . Patient s were exercised at least 2 hours after a light meal. Cardia c medicat ions were not routinely discont inued before exercise. Patients were familiarized with the exercis e protocol. Twelve lead electrocardio grams were obtained before exercise (with patient s in the supine and standing positions and during hyperventilation), at peak exercise and at the conclusion of the test. Two electroca rdiographic leads were monitored constantly, and blood pressure was measured by the cuff method every 2 minutes during exercise and recove ry. Symptom-limited multistage exercise testing was performed with the patient in the upright position on an electronically braked bicycle ergometer, starting at a work load of 200 kilopond-meters (kpm)/min and increasing by 100 kpm/min every 2 minutes until the exercise end point was reached . The end point s of exercise were defined as severe angin a pectoris with or without ST segment depression, excessi ve fatigue , weakness or shortness of breath , hypotension , dizzin ess and frequent complex arrhythmias.
Exercise electrocardiographic interpretation. The exercise electrocardiograms were interpreted as positive , negative or inconclusive. A positive exercise electrocardiogram was indicated by: I ) I mm or more horizontal or downsloping ST segment depression ; 2) slowly rising ST segment with at least 1.5 mm depression 0.08 second after the j point; or 3) in the presence of ST segment depression at rest, 2 mm more of ST segment depression 0.8 second after the j point. An exercise electrocardiogram was considered negative when the patient achieved at least 85% of the maximal predicted heart rate in the absence of ST segment changes . The exercise electro cardiogram was considered inconclusi ve or uninterpretable when: I) the patient failed to achieve at least 85% of the predicted maximal heart rate in the absence of ischem ic ST segment changes; 2) ST segment depression (~0. 5 mm) was present in the elec- end-systolic volume; Ex = exercise; HR = heart rate; max pred = maximal predicted; MI = myocardial mfar cuon : NS = not Significant: p = probability; SBP = systolic blood pressure; SBP/ESV = systolic blood pressure to end-systolic volume rauo: SEM = standard error of the mean. (18). This system takes into consideration the location and severity of the stenoses in the major vessels and their branches, in addition to the effect of collateral vessels. Statistical analysis. We determined the significance of the differences between groups using the analysis of variance or Fisher's exact test The results were expressed as the mean ± standard error of the mean. A probability (p) value of less than 0.05 was considered significant The relation between age and various independent variables was determined using a linear regression analysis. Patient characteristics. There were 9 women and 70 men with a mean age of 54 years (range 34 to 74). Thirtyfour patients (43%) had a history of hypertension, 48 patients (61%) had a history of prior myocardial infarction and 21 patients (27%) had had a Q wave myocardial infarction. Thirty patients (38%) were in New York Heart Association functional class I, 36 patients (46%) were in class II and 13 patients (16%) were in class Ill. trocardiograrn at rest without 2 mm more of ST segment depression during exercise; or 3) bundle branch block, left ventricular hypertrophy or severe arrhythmias were present during the test Exercise electrocardiograms were evaluated by qualified independent observers without knowledge of the results of the other tests.
Radionuclide angiography. Radionuclide angiography was performed by the first pass method with a computerized multicrystal gamma camera (Baird-Atomic Systems-77) equipped with a I inch (2,54 em) parallel hole collimator positioned anterior to the precordium. A 20 gauge polyethylene catheter was inserted into a large basilic or jugular vein, and a 15 mCi bolus of technetium-99m pertechnetate dissolved in a volume of less than I cc was rapidly administered intravenously and flushed with 20 cc of normal saline solution, Precordial counts were recorded on frame intervals of 50 ms for the rest study and 25 ms for the exercise studies during the initial pass of the radionuclide through the central circulation. Background counts of the precordium were obtained for approximately 15 seconds, The second 15 mCi bolus of technetium-99m pertechnetate was injected at peak exercise while the patient continued to exercise; the subject's chest was stabilized against the collimator during injection to prevent excessive motion.
The radionuclide angiograms were analyzed with computer software incorporated into the multicrystal camera. We determined left ventricular ejection fraction and volumes using previously described methods (11) (12) (13) (14) , Cardiac catheterization. Each patient underwent left and right heart catheterization, left ventriculography and coronary arteriography by standard techniques. Significant coronary artery disease was considered present if there was 50% or greater narrowing in the diameter of one or more of the major coronary arteries. The extent of coronary artery disease was quantified using the scoring system of Gensini 
Discussion
The effect of age on cardiovascular hemodynamics has been shown in normal subjects (3, 6, 17) , but age-related changes in cardiovascular responses to exercise in patients with coronary artery disease are still not well understood. Although wall motion abnormalities and a decline in exercise ejection fraction during exercise have been reported with increasing frequency in patients without manifest coronary artery disease who are 50 years or older (17), it is not known whether these observations can be extended to patients with documented coronary artery disease (8) . Accordingly, we used radionuclide angiography to evaluate the effect of age on left ventricular function at rest and during exercise in patients with coronary artery disease documented by coronary arteriography.
Effect of age on ventricular volume and ejection fraction during exercise. This study demonstrates that changes in left ventricular ejection fraction and volume during exercise are similar in older and younger patients. Abnormalities in left ventricular response to exercise are attributed left ventricular ejection fraction, end-diastolic volume, endsystolic volume, cardiac index or systolic pressure to endsystolic volume ratio in the two groups, either at rest or during exercise (Table 1, Fig. 2 and 3 ). The only difference between the two groups was in exercise duration; patients in group I « 60 years) exercised for 7.8 ± 0.4 minutes and patients in group II (:2: 60 years) exercised for 5.7 ± 0.4 minutes (p = 0.0009). However, as already indicated, the exercise heart rate, systolic blood pressure and heart rate-blood pressure product were not different in the two groups. The results were unchanged when patients with Q wave infarction were excluded. with the exception of exercise heart rate and rate-pressure product ( Table 2) .
The ejection fraction at rest and its response to exercise, as well as the wall motion abnormalities at rest and during exercise are shown in Table 3 . Fourteen (28%) of the 50 patients in group I had a normal ejection fraction response to exercise (:2: 5% increase) compared with II (38%) of the 24 patients in group II (p = NS). An abnormal ejection fraction at rest « 50%), or abnormal ejection fraction response to exercise (a decrease or < 5% increase) or wall motion abnormalities at rest or during exercise, or a combination of these, was present in 42 patients (84%) in group I and 25 patients (86%) in group II (p == NS).
There was no significant correlation between age and heart rate, systolic blood pressure, end-diastolic volume, end-systolic volume, cardiac index. ejection fraction or endsystolic pressure to end-systolic volume ratio, either at rest or during exercise (Table 4 , Fig. 4 ), Finally, when the patients in group I were further subdivided according to their age « 50 and 50 to 59 years), the results were unchanged (Table 5 ). Age groups. There were 50 patients under the age of 60 years (group I) and 29 patients 60 years of age or older (group II) ( Table 1 ). The age range in group II was 60 to 74 years (mean 65); 12 of the 29 patients were 65 years of age or older. There was no signifi cant difference between the two groups in the incidence of Q wave myocardial infarction, propranolol therapy or the extent of coronary artery disease, as assessed by the number of diseased vessels and by the scoring system. Left main coronary stenosis was present in 5 patients (10%) of the 50 patients in group I and in 4 patients (14%) of the 29 patients in group II (p = not significant [NS] ).
Age and left ventricular function. The correlation between the extent of coronary artery disease and ejection fraction in both age groups is shown in Figure I . There were no significant differences in heart rate, blood pressure, to coronary artery disease rather than to the effect of age, because there was no difference between younger and older patients . Port et al. (17) studied 77 apparently healthy subjects and found abnormal ejection fraction responses to exercise and wall motion abnormalities that were age-related. Because cardiac catheterization was not performed, asymptomatic coronary artery disease could not have been ruled out in their patients, Austin et al. (19) recently demonstrated that age did not influence the specificity of rest and exercise radionuclide angiography in patients with normal coronary arteries. It is evidentfrom our study that changes in left ventricular function during exercise in older patients with coronary artery disease are not different from those in younger patients with similar extent of coronary disease. Our findings do not support the hypothesis that age has an added adverse effect on left ventricular function duringexercise, apart from that due to coronary artery disease itself.
The changes in global left ventricular fun ction during exercise should be interpreted in the context of preload , contractility. afterload and heart rate. The chronotropic response to exercise in patients with coronary artery disease is variable and influenced by age, medication, conditioning and the occurrence of myocardial ischemia during exercise. Older patients in our study achieved heart rates at peak exercise comparable with those of the younger patients. This finding denotes a higher (although insignificant) percent of maximal predicted heart rate in older patients, because the maximal predicated heart rate declines with age (2, 20) . In other words, exercise effort, as indicated by exercise heart rate achieved by older patients, was equal to or greater than that of younger patients, despite longer exercise duration in younger patients.
The effect of propranolol on left ventricular response to exercise has been investigated previously (21) . Because in our study, a similar number of older and younger patients were administered beta-blocking agents, it is unlikely that propranolol or other beta-blocking agents affect age related changes in left ventricular function.
Older groups had a slight but significant increase in end-diastolic volume from rest to exercise. These findings indicate that the Frank-Starling mechanism was responsible for augmenting performance during exercise in both groups of patients. This observation confirms an experimental study (22) demonstrating the absence of age difference in the active length-tension curve of the left ventricular trabeculae. The fact that older patients had lower exercise capacity than younger patients (3, 4, 20) may be due to aging or to a deconditioning effect. Exercise conditioning, however, has not been shown to influence left ventricular ejection fraction response to exercise (23, 24) .
Role of extent of coronary artery disease. Because left ventricular function at rest and during exercise may be influenced by coronary artery disease, it is imperative to document the similarity in the extent of such disease in older and younger patients. In our study, the extent of coronary disease, as defined by the number of diseased vessels and by a scoring system, was similar in both groups. Moreover. manifestations of myocardial ischemia during exercise (angina or ST segment depression) were similar in both younger and older patients.
In conclusion, the response of left ventricular ejection fraction and volume to exercise in older patients is similar to that in younger patients who have comparable severity and extent of coronary artery disease. By itself, age does not have a significant effect on left ventricular function during exercise in patients with coronary artery disease.
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